Summary.-A total of 85 spontaneous rat fibrohistiocytic tumours were evaluated histologically and assessed for the presence or absence of metastases. The overall incidence in controls from 2-year carcinogenicity studies was 2.7%. The tumours occurred principally in the subcutaneous and deep soft tissues, and generally appeared after 18 months of age.
THE OCCURRENCE of fibrous histiocytic neoplasms in human soft tissues has become widely recognized since the early sixties, when the late Arthur Purdy Stout introduced the concept of malignant fibrous tumours differing from the conventional fibrosarcoma (O'Brian & Stout, 1964) . The term "fibrous histiocytoma" now embraces entities formerly referred to variously as sclerosing angioma, dermatofibroma and fibrous xanthoma, thus reflecting the different theories of histogenesis of these neoplasms (Mackenzie, 1975) . Both benign and malignant forms exist, the latter being less common (Weiss & Enzinger, 1978) . Their spectrum of histological appearances has been found useful in characterizing their behaviour (Soule & Enriquez, 1972) and this provides the stimulus for the use of the term for rodent tumours. Only passing reference to the existence of these neoplasms in rats can be found in the literature: it has been stated that they occur in control rats (N.C.I. Carcinogenesis Program, report NIH76-1279 NIH76- (1976 ; Squire et al., 1978) but we are unaware of any comprehensive account of their incidence and behaviour in rodents.
MATERIALS AND METHODS
The major part of the study comprised an examination of the tissues of 900 control rats from seven 24-month oral carcinogenicity studiesundertaken at the Centre de Recherche, Pfizer, Amboise, between 1972 and 1979 . An evaluation of the clinical and pathological data was made in order to study the histological characteristics and behaviour of these neoplasms and, in this respect, a further 3280 rats, taken either from the treated groups of the above studies or controls from shorter studies, were similarly examined to augment an assessment of tumour progression with respect, particularly, to metastasis. Although there was no evidence that any of the orally administered test compounds were tumorigenic, the treated animals have been excluded from our estimation of incidence.
Similarly, the untreated controls from shorter studies were not considered comparable in assessing tumour incidence. On the day ofnecropsy, animals were lightly anaesthetized and blood was taken from the orbital sinus for clinical chemistry and haematological examination. Moribund animals and animals at the end of each experiment were killed in CO2 gas and subjected to a full necropsy. A histopathological examination of all major organs and all grossly observed lesions was performed. Tissues were fixed in Bouin's fluid, embedded in Paraplast and sections 5,um thick were cut.
At least one haematoxylin-and-eosinstained section was examined from each tumour and every observed metastasis. In addition, special stains were used which included PAS, PAS-diastase, alcian blue, Gomori's trichrome, van Gieson, phosphotungstic-acid-haematoxylin, reticulin stain (Gomori) and Perl's stain for iron.
In order to avoid the confusion that could arise from sarcomas arising in fibroadenomas of mammary tissue (Carter, 1973) , any tumours closely associated with a glandular mammarv component were excluded from this study and are the subject of a separate study.
Particular attention was paid to classical histological criteria of malignancy, such as local and intravascular invasion, perineural infiltration, as well as mitotic activity and nuclear pleomorphism.
RESULTS

Incidence
The tumours were classified according to the major cell type (fibroblast-like, histiocytic-like or pleomorphic) and whether histologically benign or malignant (see below and Table II ). The total number of these tumours in the 900 control animals was 24, giving an overall incidence of 2.7 %. Of these, 16 (1-8%) were regarded were also examined (see Table II ). 
Site
Tumours were situated in the subcutaneous and deep tissues in all zones and occurred both ventrally and dorsally. Of the 15 controls in which the site of origin could be accurately determined, 4 occurred in the upper part of the hind leg and inguinal region, 5 were found on the abdomen, 2 on the thorax, 2 in the forelegs and 2 in the head and neck region. A similar distribution was noted for the treated animals.
Size
Tumour size was extremely variable: the variation at necropsy ranged between 0 5 and 14 cm in maximum diameter, with a mean of 5 cm. Histiocytic tumours tended to be slightly smaller, the largest at necropsy being 6 cm, with an overall mean of 3 cm.
Macroscopic appearances
The histiocytic group of tumours tended to be soft, with a pinkish or yellowish homogeneous cut surface. The fibrous lesions were generally firmer, with a homogeneous white cut surface. Large lesions often showed ulceration of the overlying epidermis, and the cut surface commonly showed focal necrosis.
Clinical chemistry and haematology
Anaemia, neutrophilia and raised yglobulins were observed in some of those animals bled on the day of necropsy. These changes seemed more related to the presence of necrosis and ulceration accompanying larger tumours than to the type of tumour or presence of metastases.
Occasionally, profuse bleeding from an ulcerated tumour was associated with a very severe anaemia. (Mackenzie, 1975 The spindle-cell tumours were divided further into those showing benign histological features and those with malignant or atypical appearances (see Table II ).
Microscopic findings
Common to all groups of these fibrous histiocytic neoplasms was the presence of chronic inflammatory cells. The lymphocytic infiltrate was occasionally so dense that some tumours focally resembled malignant lymphomas (Fig. 6) .
Histiocytic group.-Four of the 24 control tumours and 20% of all tumours examined showed predominantly histiocytic features, and could even be regarded as pure malignant histiocytomas (Table II) . These tumours were composed of histiocytic or epitheloid cells, generally oval or rounded in shape, with rounded, oval or irregular nuclei (Fig. 4) . These cells exhibited variable mitotic activity ranging from 1-2 to > 30 mitoses per 10 high-power microscopic fields. A characteristic but not exclusive feature was the scattering of benign-looking multinucleated giant cells rather similar to multinucleated foreignbody giant cells or osteoclasts (Fig. 3) . In some cases, these giant cells were so numerous that the tumours resembled human giant-cell tumours of soft parts (Mackenzie, 1975) .
Another striking feature was welldefined zonal necrosis (Fig. 5) . A storiform pattern of cells was sometimes evident, but in general collagen was minimal. In purely histiocytic areas reticulin was almost absent, being confined largely to the blood vessels.
These tumours infiltrated widely into the surrounding soft tissues, particularly skeletal muscle, and perineural invasion was often seen. A granulomatous appear- ance was occasionally observed at the periphery of the tumour.
Pleomorphic group. -These tumours, comprising 8/24 control tumours (22% of all tumours examined), showed the most variable appearances of all the groups, but a storiform pattern was usually focally evident (Fig. 7) . Collagen was generally abundant and focally often very dense, and this was associated with an irregular reticulin pattern of considerable but variable density. These tumours were characterized by pleomorphic fibroblastor histiocytic-like cells and variable giant cells. The giant cells had multiple irregular hyperchromatic nuclei, sometimes with eosinophilic intranuclear inclusions (Figs 8, 9 and 10). Occasionally, the cytoplasm of these cells contained cellular or nuclear debris, suggesting phagocytosis (Fig. 10) atypical cytological features or evidence of infiltration of the surrounding tissues. The remainder showed no histological evidence of malignancy and were usually accompanied by marked fibrosis ( Fig. 2 ; Table II ). In all these tumours, the reticulin stain showed a very dense network of fibres running in all directions. A storiform arrangement of reticulin fibres was usually focally prominent. The borders of the very fibrous tumours were often apparently circumscribed. Some of the larger tumours contained wide zones of hyaline necrosis. Occasionally one of these tumours was localized in the upper dermis and resembled the human dermatofibroma.
Iron pigment was observed within cells and in the stroma in tumours of all groups.
Metastases. Of the 24 tumours studied from the 900 control rats, there were 4 that showed predominantly histiocytic differentiation; all produced metastases, whereas the remaining 20 tumours did not. Among the tumours taken from treated animals and younger controls, 80% (10/13) of the histiocytic neoplasms were associated with metastases (see Table II ), while only 1/11 of the pleomorphic group and 1/ 19 of the cellular, atypical group had (Table II) . In both groups of animals studied, there were no metastases associated with the 26 essentially fibrous neoplasms.
The metastases were found principally in lung, liver, lymph nodes and mesentery, as indicated in Table III) .
DISCUSSION
The rat neoplasms described in this study showed characteristics of both fibroblasts and histiocytes and thereby justify their inclusion within the tumour category designated as fibrous histiocytoma.
The general appearance of these rat neoplasms showed a striking resemblance to their human counterparts: the storiform pattern of plump spindle cells, pleomorphic growth patterns with giant tumour cells, the presence of chronic inflammatory cells and iron pigment are features common to both human and rat fibrous histiocytomas. Even focal stromal myxoid change-noted in one rat in this series-has been described in human malignant fibrous histiocytomas (Weiss & Enzinger, 1978) .
Although sometimes recognized as separate entities because of their distinctive morphology, the human malignant histiocytoma and malignant giant cell tumour of soft parts are, nevertheless, regarded as being of fibrohistiocytic origin (Mackenzie, 1975; Guccion & Enzinger, 1972) . The rat fibrohistiocytic neoplasms showing predominantly histiocytic differentiation were also clearly a distinct histological type. They also possessed a characteristically more malignant growth pattern, in common with the malignant histiocytoma described in man (Soule & Enriquez, 1972 (W!eiss & Enzinger, 1978) . rhis situiation is also likelv to obtain in laboratoryanimal pathology. In addition to the fact that authors often report a group of tumoturs as tunclassifiable sarcomas, fibrosarcomas are often considered more pleomorphic thhan their htiman counterparts (Carter, 1973 ). It appears that the classification of laborator -animal mesenchvmal tumoutrs is similar to that which prevailed in human pathology two decades ago when the fibrosarcoma was one of the commonest labels applied to human mesenchvmal tumours (Mackenzie, 1 970) . It is probable that many of the rodent pleonmorphic fibrosarcomas and uindifferentiated sarcomas described in the literatture are, in fact, variants of fibrous histiocytic neoplasms.
The beniign-looking, very fibrous tumours described in this stuidy proved very difficult to evaluate. These neoplasms are often called fibromas but even the late Dr Arthur Purdy Stout wrote (1933) "It is extremely difficult to decide whether or not there is a true benign neoplasm composed of fibroblasts".
Many of these very fibrous tumours in this series grew extremely large and were often situated very deeply, with apparent capsule formation, features which are notorious traps when assessing the potential behaviour of mesenchymal tumours (Mackenzie, 1970) . However, in none of the 26 benign-looking neoplasms examined were metastases found. From these data at least, these tumours can be provisionally regarded as benign. It should be emphasized that the presence of the storiform pattern in these fibrous tumours was sufficiently pronounced to warrant the diagnosis of a fibrouis histiocytic tumour (Fig. 2) .
In addition to sharing commoni morphological features, rat and human fibrous histiocytomas possess other similar characteristics: the male-to-female ratio of 2:1 seen in this study is similar to that reported in man (Soule & Enriquez, 1972; Weiss & Enzinger, 1978) ; the principal sites of metastases that we observedlungs, liver and lymph nodes are paralleled in man (Weiss & Enzinger, 1 978) ; in both species the tumours occur in older rather than younger individuals and favour a more caudal anatomical distribution (Soule & Enriquez, 1972; Weiss & Enzinger, 1978) . Owing to the difficulty in gauging the true incidence of this type of neoplasm in man, a comparison of incidence is not justified.
All these features in common highlight the diagnostic usefulness of employing the same terminology in rats as in man. In particular, as a better understanding of patient prognosis has been realized by placing these tumours within the category of fibrous histiocytoma, it could be antici-40P. GREAVES AND J. AM. FACCINI pated that a better understandinig of tumour behaviour would ensuie in rodents from the use of this terminology. This idea is supported by the fact that the predominantly histiocytic type, which is associated with the most malignant behaviour in man (Soule & Enriquez, 1972) , produced the highest frequency of metastases in the rats of this study, while the more fibrous of the malignant cellular tumours (with a less aggressive behaviotur in man (Soule & Enriquez, 1972) was associated with metastases in only one instance. Nevertheless, it nmust be emphasized that, as with huLman surgical pathology, a thorough histological survey should be made of these tumoturs, notwATithstanding the fact that some of the more fibrouis tumours can be very large. In using this diagnosis we would designate the first 3 cytological types (histiocytic, pleomorphic and cellular) as malignant fibrous histiocytoma and the 4th (fibrous) as benign fibrous bistiocytoma.
One of the most controversial aspects of hlunman fibrohistiocvtic tumours is histogenesis. Most workers agree that these tumours belong essentially to the same generic group, being composed principally of 2 types of cell, one resembling a fibroblast and one resembling a histiocyte (Mackenzie, 1 975; Weiss & Enzinger, 1978 ). Stout's original concept was of origin from a tissue histiocyte which could also act as a facultative fibroblast. The demonstration of small numbers of undifferentiated cells in these tumours in ultrastructural studies had led some authors to question this concept. Fu et al. (1975) have thus proposed that the fibroblast-like and histiocyte-like cells both originate from t,he same undifferentiated mesenchymal stem cell. Katenkamp & Stiller (1975) also favour this view, and have further suggested the pericyte as a possible precursor cell. To date, however, the question of histogenesis of human fibrohistiocytic tumours remains unresolved (Harris, 1980) . There is no reason to suppose that experimentally indtuced subcutaneous rodent sarcomas are morphological ly different from those arising spontaneously- (Carter, 1973) . Thus, many of these induced tumours probablv resemble those found in our rats. These induced sarcomas have been intensively investigated for many years and, although the cell of origin remains uncertain, macrophages and fibroblasts have both been implicated in their development (see review by Carter, 1970) . It has been suggested that these induced sarcomas may also arise from a pleuripotential mesenchy)mal stem cell which can undergo diverse differentiation. This stem cell is thought by some workers to be the pericyte (Johnson et al., 1.973; WVestwood et al., 1.979) .
Although fibrous histiocytomas have been described in rats after injection of plant extracts (Pradhan et al., 1974) and although rat soft-tissue tumouirs in general can be induced by a variety of chemical and physical agents (Carter, 1973 ) the actual cause of these spontaneous rat fibrohistiocytic tumours remains uncertain. Murine sarcoma viruises have been described, but their role in development, of spontaneous sarcomas is not clear (Hunt etal., 1978) .
In man, most fibrous histiocytic tumoturs are not associated with any specific agent. Virus-like particles have been seen at ultrastructural level in some huiman fibrohistiocytomas (Fu et al., 1975; Merkow et al., 1971 ) but their significance remains in doubt.
In conclusion, it is our belief that the fibrohistiocytic concept of a mesenchymal t,umour showing partial fibroblastic and partial histiocytic differentiation is fully applicable to both benign and malignant rat tumours. For nearly two decades the histiocyte has come to the aid of histopathologists in their interpretation of human soft-tissue tumours (Mackenzie, 1975) . It is hoped that it may also help those assessing tumours of laboratory animals. In view of the striking similarity between rat and human fibrous histiocytomas, data obtained from induced rat sarcomas may provide insight into the development of human fibrous histiocytic neoplasms.
